We analyze the possibility of description of meson radiative decays within the framework of gauge approach. This approach is based on the linear sigma-model, extended by gauge and quark-meson interaction. Theoretical predictions for the radiative decays of vector mesons are in good agreement with the experimental data.
Introduction
The low energy processes with a hadron participation are permanently in the center of theoretical and experimental activity due to both of new measurements and formulation of theoretical problems induced by these experimental data. There are two known and widely tested methods of effective Lagrangian's approach in hadron physics: the deriving of effective Lagrangians from QCD principles immediately [1] - [11] and the employment of various symmetries to build the basic Lagrangian in a phenomenological way [12] - [18] . The linear sigma-model (LσM) is the most popular and examined part of the second way. It is the main approach to the effective analysis of nucleon -nucleon [19] - [21] and quark -meson interaction [12, 13, 22, 23, 24] together with vector dominance model [25] - [27] .
In the quantum field framework the phenomenological models should be used along with ideas of some exact or approximate symmetries and vector meson dominance hypothesis.
Moreover, the notion on weakness of inner meson structure manifestation in some reactions helps to formulate suitable quantum field model for this type of processes. In fact, quark-meson models [22, 28, 29] are extra methods to consider meson structure. Theoretical uncertainty in a phenomenological description of hadron interaction can be diminished by the treating of vector mesons as gauge fields, realizing some dynamical symmetry. In Refs. [15] - [18] gauge models were successfully used for the consideration of some low -energy aspects of baryon -meson interaction. Above approaches give satisfactory results for the model description of hadrons as complex compound systems. So, we conclude that the fundamental quantum field principles can be applied for the describing of interaction at different hierarchical levels. In the case under consideration it provides transition from QσM model to NσM.
In this paper gauge scheme interaction of γ, ω and ρ -vector mesons with quarks and mesons is analyzed and applied to the radiative decays of vector mesons. Namely, the electromagnetic quanta mixing with ω and ρ -fields leads to gauge variant of vector dominance, i.e. all these interactions are considered in the same way. So, the quark sigma model (QσM) together with gauge interactions of vector mesons with quarks gives possibility to take into account inner degrees of freedom for hadrons, describing them by the language of fundamental interactions. Thus, two -level, quark -meson structure of the model in fact realizes some analog of the "bootstrap" idea. Moreover, the scalar mesons a 0 (980) and f 0 (980) can be treated as Higgs fields in the model.
Within the framework of gauge model the radiative decays
arise at the tree level. There is good agreement between the theory and experimental data, confirming that these radiative vector meson decays can be successfully studied in the gauge field approach. As a rule these decays were described in a phenomenological way.
Interaction of hadrons depending on their inner structure is described by the quarkmeson sector of the model. Note, the gauge scheme is used for the vector degrees of freedom.
These aspects of the model have been tested in ρ → π 0 γ, ω → π 0 γ decays and results of calculations are in good agreement with the experimental data. Analysis of the decay [28, 30, 31, 32 ], arising at the loop level due to quark-meson interaction only, is more cumbersome and it is in progress now. However, preliminary results show the decay description is reasonable and satisfactory in this model.
The structure of the paper is the following. In Section 2 results for tree decays ρ 0 → π + π − γ and ω → π + π − γ are presented. In Section 3 loop decays ρ 0 → π 0 γ and ω → π 0 γ are considered. Appendix contains some details on the gauge model structure.
Radiative decays
Radiative decays of neutral vector mesons, when a pion pair plus photon are created, are an object of steady attention in some decades [30, 31] and [33] - [37] . Experimental data and theoretical speculations on these reactions give rise to the understanding of hadron intermediate states and low energy dynamic of meson interactions. To get a full theory from fundamental field principles it is a hard problem for hadrons and their interactions mediated by low energy (long distance) vacuum effects. So, the most popular approach in the case is an effective theory formulation and analysis.
In the channels where the charged pair π + π − is formed dominant contribution comes from tree diagrams corresponding to the vector dominance approximation [34, 37] . Radiative 
for the process is:
Here g = eg 2 cos θ cos φ, e µ ρ , e ν γ -polarization vectors for ρ -meson and photon, k ρ , k γ , k + , k − -momenta for all particles in the process; all terms, which in transversal gauge are equal to zero on mass shell, are omitted in ( 1) . In other gauges corresponding extra terms occur in this total amplitude. To compare with the experimental spectrum of photons (see, for example, [36] ) differential width is presented in the form:
where we denote Our numerical results following from (2) and (3) agree with the ones in [33, 34, 35] following from vector dominance approach. In Fig.2 we represent the theoretical spectrum of photons in comparison with the experimental one from [36] . The curve (2) on Fig.2 describes the normalized on total width spectrum dB(
does not depend on the model coupling constants. The curve (1) represents the model fit of the experimental data with a single free multiplicative dimensionless parameter which takes into account possible loop contribution. From this fit it follows that the corrections due to renormalization of couplings improve the prediction at low energy range. To refine the theoretical spectrum near E max we should account the complete set of one-loop diagrams (see [33] and [34] ). Integration of ( 2) from E min γ
gives the value of partial ρ -meson width B(ρ → π + π − γ) = 1.17 · 10 −2 which slightly exceeds the experimental value B exp (ρ → π + π − γ) = (0.99 ± 0.16) · 10 −2 from [38] . On the pure phenomenological base (with the loop contributions account) the branching is: [34] ; our tree result agrees with the experiment better than this (loop corrected) value.
For the process ω → π + π − γ decay characteristics are computed analogously but with the following replacement in (1) and (3): cos φ → sin φ in G and m ρ → m ω in κ and µ.
Partial width for the decay is damped by small mixing parameter, sin φ ≈ 0.034, so we have
MeV and 50 MeV , correspondingly. These estimations do not contradict to the experimental data [38] and are in agreement with the theoretical results of [37] .
Thus, the same gauge constants describe two different decays on tree level.
An account of loop corrections to the decay ρ → π + π − γ in [34] - [37] is intended for the describing of the photon spectrum fine structure. However, it increases discrepancy between model and experimental values of total width. Quantitavely, this effect depends on the underlying model. Moreover, in effective theories an account of loop diagrams for some process (arising at the tree level) has some subtleties connected with compensation of divergencies and renormalizability. For the processes which occur at the loop level only these problems are absent -all divergencies are summed to zero when all external lines are on the mass shell [39] . An examples of such loop processes will be given in the next section.
The quark -meson interactions language can be used to describe the process e + e − → π + π − within the ρ -ω resonanse region. The usage of parameters from (12) together with constants g ρee and g ωee extracted from widths ρ → ee, ω → ee, leads to the correct cross section in the peaks vicinity, and σ theor ≈ σ exp ≈ 1.3 mkb. Unfortunately, Breit -Wigner approximation for propagators does not allow to describe resonanse curve in this region in details. This question -how to consider some fine details of the curve in quark-meson theories -will be analyzed in the forthcoming paper.
In the most papers these decays are defined by phenomenological vertexes which are introduced at the tree level [1] . We reconstruct loop level diagrams for the decays with the gauge vertexes describing the tree-level processes.
In the model considered radiative decays ρ, ω → π 0 γ and three-particle decay ω → 3π occur via quark loops. One-loop diagrams for the decays ρ, ω → π 0 γ are shown in the Fig.3 .
Here q = u, d denote quark fields. Total amplitude for the process ω → π 0 γ has the following form
Here colour factor N c = 3, vertex constant g = g 1 eκ cos φ (κ is the constant of qqσ- 
Function L ω is
),
π and π decay constant f π = 93 MeV . In (5) it was used the relation κ ≈ m q /f π following from Goldberger -Treiman formula in the linear sigma model (see, for example, [24] ). It defines the coupling κ through the constituent quark mass. This relation can be rejected, then the constituent quark mass value (as a free parameter) can be found from the width fitting.
The ρ → π 0 γ decay is described by the diagrams from the Fig.1 with the corresponding replacement of coupling constant. Now, the expression for the width is
There is some isotopic damping induced by the small ρ − ω mixing in the expression above.
Both the widths are in good agreement with the experimental data for the effective quark mass value m q = 175 ± 5 Mev:
So, κ becomes independent on m q when the Goldberger -Treiman relation is not used.
Then the κ decreasing up to 20% allows to maintain good agreement between the theory and experiment, simultaneously the quark mass increases up to 280 − 290 MeV . It is very close to "standard" estimation of the constituent quark mass as m q ≈ m N /3. Thus, from (7) it follows that the meson-meson sector of the model describes the above channels well.
Moreover, this agreement can be improved taking into account some small ω − φ mixing with θ ≈ 3.8 0 (see [24] ), but the effect lies beyond the model introduced. In analogy with the process π 0 → γγ the decays under consideration can contain some anomaly contribution caused by the π 0 -meson vertex. This contribution is small here due to approximation m π = 0 which takes place with a good accuracy in Eq.(6). So, it was possible to fit two decay channels by one parameter -effective mass of the constituent quark, m q . As it was known, the same approximation is not admissible for the decay π 0 → γγ, where the anomaly contribution dominates.
An interesting remark can be made: the value m q ≈ 170 MeV corresponds to approximate universality of quark and gluon distributions in nucleons and mesons. From the above mentioned evaluation it follows that the ratio of constituent quark contributions to N and ρ, ω is nearly the same (a half of full energy, approximately). Indeed, for this quark mass value 3m q ≈ 0.5m N and 2m q ≈ 0.5m ρ ≈ 0.5m ω . Surely, the estimation is too crude because of m q evaluation was done by two channels only. Moreover, some important effects as the ω − φ mixing, large width of ρ− mesons, possible dependence m q on meson mass and so on were not included in the analysis.
Much more complicated decay at the quark loop level is 3 -particle decay
This process is important for the model verification and will be discussed in forthcoming papers.
Conclusions
The linear sigma-model is the most popular approach for the description of low-energy hadron interactions. We have considered the gauge generalization of this model and include quark degrees of freedom in an obvious way. In the gauge scheme the vector meson dominance manifests itself in the tree-level processes. The quark-meson sector describes some loop-level processes when quark structure of mesons plays a noticeable role.
The model is applied to some radiative decays of mesons which are intensively discussed in the literature. Decays ρ 0 → π + π − γ and ω → π From the analysis we fulfilled it follows that the radiative decays of vector mesons can be calculated with a good accuracy within the framework of gauge scheme. Quantum field approach to vector dominance in meson interaction can be also supplemented by quark-meson interaction which expands the linear sigma-model. 
Here q = (u, d) -is the first generation quark doublet; H 1,2 -two scalar fields doublets with hypercharges Y 1,2 = ±1/2. The gauge derivatives are:
Note, in the lagrangian (8) the potential of self-action is selected conserving global SU (2) symmetry of the theory after the spontaneous symmetry breaking (when the electromagnetic interaction is switched off).
Interactions of leptons with U 0 (1) × U(1) fields have the form:
where interaction of V 1 µ field with leptons is driven by coefficient ǫ, involving the corresponding counterterm. The introducing of vector fields to the theory in a gauge way provides universality of gauge strong constants g 1 and g 2 . An analogous universality for vector and pseudoscalar mesons was analyzed in [24] on a phenomenological ground.
Physical states are formed by the primary fields mixing when quadratic forms of scalar and vector fields are diagonalized after vacuum shifts:
An emergence of hadron components in the photon is an important consequence of the mixing in the gauge sector. Then, vector bosons physical states in the model are the following combinations: 
These values were used for the evaluating of vector mesons' partial widths to verify the gauge field model. Because of two -level structure of the model corresponding to meson -meson and quark -meson interactions, both of them are tested independently in two -particle and three -particle channels. It is seen from (8) that meson -meson lagrangian describes both tree and loop level processes, however quark -meson interactions occur in the model at the loop level only.
